Superoxide converts indigo carmine to isatin sulfonic acid: implications for the hypothesis that neutrophils produce ozone.
Recently, it was proposed that neutrophils generate ozone (Wentworth, P. J., McDunn, J. E., Wentworth, A. D., Takeuchi, C., Nieva, J., Jones, T., Bautista, C., Ruedi, J. M., Gutierrez, A., Janda, K. D., Babior, B. M., Eschenmoser, A., and Lerner, R. A. (2002) Science 298, 2195-2199; Babior, B. M., Takeuchi, C., Ruedi, J., Gutierrez, A., and Wentworth, P. J. (2003) Proc. Natl. Acad. Sci. U. S. A. 100, 3031-3034). Evidence for the proposal was based largely on the chemistry of ozone reacting with indigo carmine to produce isatin sulfonic acid. In this investigation, we have examined the specificity of this reaction and whether it can be used as unequivocal evidence of ozone production by neutrophils. Stimulated neutrophils promoted the loss of indigo carmine and formation of isatin sulfonic acid in a reaction that was completely inhibited by superoxide dismutase. Methionine, which scavenges ozone, singlet oxygen, and hypochlorous acid, had no effect on the reaction. Neither did catalase or azide, which scavenge hydrogen peroxide and inhibit myeloperoxidase, respectively. From these results, it is apparent that superoxide was responsible for bleaching indigo carmine. Superoxide generated using xanthine oxidase and acetaldehyde also converted indigo carmine to isatin sulfonic acid in a reaction that was completely inhibited by superoxide dismutase and unaffected by catalase. When the xanthine oxidase reaction was carried out in H(2)(18)O, the proportion of (18)O incorporated into the isatin sulfonic acid was the same as that found for ozone. Thus, reactions of ozone and superoxide with indigo carmine are indistinguishable with respect to isatin sulfonic acid formation. We conclude that bleaching of indigo carmine cannot be used to invoke ozone production by neutrophils. Studies using indigo carmine to implicate ozone in other biological processes should also be interpreted with caution.